INTRODUCTION
James Clerk Maxwell's equations predicting the existence of electromagnetic radiation propagating at the speed of light were made public in 1865; in 1888 Hertz had demonstrated generation of electromagnetic waves, and that their properties were similar to those of light [l] . Before the start of the twentieth century, many of the concepts now familiar in microwaves had been developed [2, 3] : the list includes the cylindrical parabolic reflector, dielectric lens, microwave absorbers, the cavity radiator, the radiating iris and the pyramidal electromagnetic horn. Round, square and rectangular waveguides were used, with experimental development anticipating by several years Rayleigh's 1896 theoretical solution [4] for waveguide modes. Many microwave components in use were quasi-optical -a term first introduced by Oliver Lodge. Righi in 1897 published a treatise on microwave optics [5] .
Hertz had used a wavelength of 66 cm; other post-Hertzian pre-1900 experimenters used wavelengths well into the short cm-wave region, with Bose in Calcutta [6, 7] and Lebedew in Moscow [8] independently performing experiments at wavelengths as short as 5 and 6 mm.
THE RElSEARCHES OF J.C. BOSE
Jagadis Charidra Bose [9, 10, 11] [7] . Note the waveguide radiator on the transmitter at left, and that the "collecting funnel" (F) is in fact a pyramidal electromagnetic horn antenna, first developed by Bose [7] . involved measurement reflection inside a dielectric prism, and the effect of a small air gap between two identical prisms; when the prisms are widely separated, total internal of total internal reflection takes place and the incident radiation is reflected inside the dielectric. When the 2 prisms touch, radiation propagates unhindered through both prisms. ]By introducing a small air gap, the combination becomes a variable attenuator to incident radiation. Bose investigated this prism attenuator experimentally; his results were published in the Proceedings of the Royal Society in November, 1897. Schaefer and Gross [14] made a theoretical slndy of the prism combination in 1910, referring to the invention and experimental work by Bose. The device has since been described in standard texts. At the National Radio Astronomy Observatory in Tucson, Arizona a new multiple-feed receiver, operating at a wavelength of 1.3 mm, has recently been built and installed on the 12 Meter Telescope at Kitt Peak [15] . The system is an %feed receiver, where the local oscillator is injected into the SIS mixers optically. With an SIS mixer receiver the power level of the injected local oscillator is critical; each of the 8 mixers requires independent local oscillator power adjustment. This is achieved by adjustable prism attenuators. Figure 5 shows 4 of these 8 prism attenuators, installed on one side of the %feed system; this can be compared with Figure 4 , which is a photograph taken at the Bose Institute in Calcutta in 1985, of an original prism system built by Bose.
CONCLUSIONS
Research into the generation and detection of millimeter waves, and the properties of substances at these wavelengths, was being undertaken in some detail one hundred years ago, by J.C. Bose in Calcutta and also by Lebedew in Moscow. Many of the microwave components familiar todaywaveguide, horn antennas, polarizers, dielectric lenses and prisms, and even semiconductor detectors of electromagnetic radiation -were invented and used in the last decade of the nineteenth century. At about the end of the nineteenth century, many of the workers in this area simply became interested in other topics. Attention of the wireless experimenters of the time became focused on much longer wavelengths which eventually, with the help of the then unknown ionosphere, were able to support signalling at very much greater distances.
Although it appears that Bose's demonstration of remote wireless signalling has priority over Marconi, he was the first to use a semiconductor junction to detect radio waves, and he invented various now commonplace microwave components, outside of India he is rarely given the deserved recognition. Further work at millimeter wavelengths was almost nonexistent for nearly 50 years. J.C. Bose was at least this much ahead of his time.
